An incubation study was conducted in laboratory to determine the effect of lime (L) as CaCO 3 and phosphorus (P) as TSP on soil pH and available soil P in an acid soil. Four rates of L equivalent to 0, 1, 2 and 3 ton CaCO 3 ha −1 and four rates of P equivalent to 0, 25, 50 and 75 mg P kg −1 were applied in combinations as treatments. The soil was incubated at field capacity for 8 weeks (wk) after which they were extracted using NaHCO 3 (Olsen), Mehlich-3, Kelowna and Bray & Kurtz-1 extractants and soil pH was determined. Lime significantly (P < 0.001) increased soil pH. Phosphorus decreased it, though not significantly. Both L and P had significant effects (P < 0.001) on P availability irrespective of extractants used. Two ton CaCO 3 plus 75 mg P kg −1 gave the highest available phosphorus. Mehlich-3 method extracted the largest amount of P (14.54 -67.35 mg•kg −1 ) while Olsen extracted the smallest amount (3.25 -32.77 mg•kg −1 ). The mean extractable P in soils was found to be in the order of Olsen < Kelowna < Bray & Kurtz-1 < Mehlich-3. Although the four methods extracted different amounts of P from soil, values of P extracted by the different methods were strongly correlated among themselves (R 2 = 0.87 to 0.95).
Introduction
A large number of methods to evaluate available phosphorus (P) indicate the complexity of this nutrient in the soil, mainly due to strong interaction with soil colloids and other elements present in soil solution [1] . Several soil test phosphorus (STP) methods are used to estimate available soil P. The higher level of STP, the higher is the risk of P exports from the soil. STP methods can be divided into two broad categories: agronomic P tests and environmental P tests. Agronomic tests such as Olsen, Kelowna and Mehlich-3 have been developed to estimate the amount of P that will be available to a plant throughout the growing season [2] - [4] . However environmental soil P tests extract a portion of soil P that is easily lost through surface runoff or subsurface flow and therefore use mild extractrants, for example, distilled water [5] . Several studies have shown that agronomic soil P tests are often correlated with soil P measured by environmental P tests as well as P in the runoff and drainage waters [6] [7] .
A large proportion of soil resource found in the humid tropics is acidic and deficient in phosphorus (P). The occurrence of high levels of aluminium (Al) and iron (Fe) in soil usually give rise to low pH and P release. Wherever Fe and Al imbalances exist, a corresponding P stress occurs [8] . One of the primary reasons commonly proposed for liming acid soils is to increase phosphate availability to plants [9] . However, conflicting views are held as to the effects of liming on the phosphate-supplying power of highly weathered acid soils. Liming has been reported to increase, decrease, or not affect [10] the P that can be extracted from soils. Similarly, the phosphorus (P) content of plants has been observed to increase, decrease or remain unchanged following liming [11] - [13] .
In view of the importance of soil acidity in world agriculture, and the inevitable increases in the price of fertilizer phosphate, a full understanding of phosphate availability in acid soils is essential. The objectives of the present incubation study were:
1) To investigate possible interaction of lime and TSP fertilizer in the P availability extracted by Olsen, Kelowna, Mehlich-3 and Bray & Kurtz-1 methods in a P deficient acidic soil; and 2) To determine the relationship among the soil test P extraction methods.
Materials and Methods

Experimental Soil
A laboratory incubation study was conducted using a sandy loam surface soil (0 -15 cm) collected from a crop producing field of the Department of Soil Science, University of Chittagong, Bangladesh. Soil sample was air dried and crushed to pass through 2-mm sieve for using it in the study. Analysis of the soil, prior to incubation, revealed its characteristics to be: soil pH was of 5.18 (1:2.5 s:w), organic carbon [14] was 0.98% (organic matter 1.69%), CEC (extraction with 1 N NH 4 OAc) [15] was of 4.18 cmol•kg −1 . The soil contained 69% sand, 16% silt and 16% clay measured by hydrometer method [16] .
Phosphorus in the soil was measured by ascorbic acid blue color method [17] and the absorbance was measured by spectrophotometer at wave length of 882 nm. Total P concentration in the experimental soil was 500 mg•kg −1 . Extractable P of the soil was determined by the same procedure as mentioned above after extraction with different extractants (Table 1 
Incubation Experiment
Combinations of four levels of L equivalent to 0 (L0), 1 (L1), 2 (L2) and 3 (L3) ton CaCO 3 ha −1 and four levels of P equivalent to 0 (P0), 25 (P1), 50 (P2) and 75 (P3) mg P•kg −1 constituted the treatments. The experiment was a 4 × 4 factorial with 3 replicates in a completely randomized block design. A 50 g of soil sample with different treatments was placed in a 250 ml plastic jar with perforated lid to allow gas exchange. The soil was incubated at field capacity for 8 weeks at room temperature. At the end of incubation, soil samples collected from each jar were air-dried, ground and passed through a 2 mm sieve to measure soil pH and available P by different extractants such as Olsen, Mehlich-3, Kelowna, and Bray and Kurtz-1 (Table 1) .
Statistical Analyses
Data from each extractant was analyzed independently. Minitab statistical software, Released 11 [19] was used for analysis of variance and correlation. Significant means were separated using Tukey's Multiple Range Test (TMRT). 3. Results and Discussion Table 2 shows the effect of treatments on soil pH. Lime had a significant effect (P < 0.001) on soil pH with the highest rate of 3 ton CaCO 3 ha −1 giving the highest rise from pH 5.2 to 6.6. Two ton CaCO 3 ha −1 gave optimum soil pH range (6.2 -6.3) for availability of P in soil ( Table 2 ). Addition of P did not appear to have any remarkable effect on the neutralizing effect of lime [20] .
Effect of Lime and Phosphorus on Soil pH
Effect of Lime and Phosphorus on Soil Available P
Significant variations (P < 0.001) in available P were observed due to application of L, P and their combinations at various levels (Figure 1) . The amount of available P extracted with 0.5 M NaHCO 3 (Olsen) , respectively (Figure 1) . The results obtained after 8 weeks incubation, as extracted by NaHCO 3 (Olsen-P) are used to illustrate the treatment effect of soil test P. The trend in the data obtained with other three extractants was similar to that of the NaHCO 3 -extractable P (Olsen-P) (Figure 1) .
The different lime levels influenced the available phosphorus in the soil at four soil test P extraction methods. The highest available phosphorus in the soil was noticed with the application of lime at L2 level (2 ton CaCO 3 ha −1 ) at all the extraction methods (Figure 1) . The Ca 2+ and Mg 2+ in lime displace Al 3+ , Fe 2+ and H + ions from the soil sorption sites. This results into reduction in soil acidity and P fixation [21] .
The application of different levels of P affected the availability of P in the soil. The application of P at P3 level (75 mg P Kg −1 ) recorded maximum available P in the soil compared to other levels of P. Phosphorus increased with P rates applied singly but not as much as in combination with L (Figure 1) . Lower P availability following P application alone is due to its fixation by Al and Fe ions in acid soils [22] .
Although L and P increased available P, this effect was boosted by combining L with P applied. Among the combinations of L and P level, the lime at L2 level and P at P3 level (2 ton CaCO 3 ha −1 and 75 mg P Kg −1 ) recorded higher available P in the soil regardless of soil test P extraction methods. Varying rates of P combined with L at L2 level (2 ton CaCO 3 ha −1 ) gave better values of available soil P than P combined with L at L3 level (3 ton CaCO 3 ha −1 ) (Figure 1) . It is obvious that available P was sharply reduced by application of 3 ton CaCO 3 ha −1 . At high soil pH, the precipitation of insoluble calcium phosphates can decrease phosphate availability. This suggests that the soil has been over limed at this high application rate [20] .
Comparison of the Phosphorus Extractability in Soil
A paired t-test was performed to compare the mean differences of P removed by different extractants. Tukey's test for multiple means comparison showed that the means of Olsen, Mehlich-3, Kelowna and Bray & Kurtz-1 extractable P were significantly different (P < 0.05; Figure 2) . The average value of extractable P with Olsen was of 13.54 mg•kg . The amounts of P extracted from incubated soils increased in the order: NaHCO 3 < Kelowna < Bray & Kurtz-1 < Mehlich-3 (Figure 2) . Taking the Olsen test as the reference method, this sequence can be expressed by calculating the ratio between the mean values of the P extracted by each procedure and that extracted by the Olsen test multiplied by 100: 100 < 160 < 213 < 261. The differences among the P extraction methods probably arose from the fact that plant available P in the soil is not from a discreet fraction but from a continuum of fractions: extracting agents preferentially extract from different fractions depending on their reactions with soil components involved in P sorption [23] . Furthermore, each extracting solution has a Means followed by the same letter in column or row were not significantly different at P < 0.05. different ability to extract varying portions of soil P because they were targeted at different pools of soil P [24] . The mean of Olsen P is significantly small than the means of other three extractants. This is an indication that other extracting agents extracted some forms of labile P that are not immediately available to 0.5 M NaHCO 3 extractant. Though, NaHCO 3 is used for calcareous soil, however, it has been commonly used as a soil P extractant in acid and neutral soils [2] . Extractable P by the Olsen, Mehlich-3, Kelowna and Bray & Kurtz-1 in this study were correlated among themselves. Linear regression models were fitted to the data as given in Table 3 . The coefficient of determination (R 2 ) varied from 0.87 to 0.95 indicating that any of these extractants can be used to estimate P extractability (available P) in soils. The highest coefficient of determination resulted for the relationship between Kelowna P and Bray & Kurtz-1 P (R 2 = 0.951) ( Table 3 ). The determination of conversion equations is especially important when studying new soil tests, as it allows the use of relations between soil nutrient contents and crop response evaluated by the usual methods. In addition, knowledge of the parameters of the regression conversion equations permits the comparison of P data, which are obtained using the different extractants [25] .
Conclusion
Lime application rate at 2 ton ha −1 gave favourable soil pH values that permitted the highest release of available P regardless of extraction methods. This indicates that liming at 2 ton•ha −1 is required to ameliorate the acid condition of the experimental soil and over liming should be avoided as it could precipitate P deficiency again. The high correlation coefficient of determination between the various extractants, shows that all of them will provide a good index of P labiality in this soil.
